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SUMMARY AND CONCLUSIONS

In this section, the integrated Technology Development Road Maps (TDRMs) schedule is
provided for the WEC NGNP Critical SSCs, together with cost estimates for certain critical
Systems, Structures and Components (SSC’s).

The cost and schedule of the NGNP evolves continuously as the project progresses due to
high uncertainties associated with technology advancements, evolving test plans and schedules,
timely availability of resources, etc. Therefore this document presents detailed schedules which
include the following:

¢ Integrated Test Schedule with original TDRM Schedule — Inclusive of the overall
NGNP schedule, the original TDRM schedules for critical SSC’s as well as the CTF
high level schedule.

¢ Modified TDRM Schedule - The main purpose of the modified TDRM schedule is to
move back non-critical tasks in order to relieve pressure on the front end of the
schedule. This was done without jeopardizing CTF and NGNP start up dates. Also
shown in this schedule is the total estimated cost per specification with possible
testing facilities identified.

e Modified CTF Schedule — Schedules of CTF specific tasks were outlined for the
950°C Reactor Outlet Temperature (ROT) case (inclusive of Small Scale
Development Tests (SSDT), Technology Development Loops (TDL), Component
Qualification Loops (CQL) and Circulator Test Loop (CTL)) as well as for the 750°C
ROT case. Results and conclusions for the above mentioned scenarios are given in
Section 17.1.5.

Cost estimates are provided for certain critical SSCs (notably IHX A (metallic as well as
ceramic), IHX B and HTS Piping). Estimates have only been provided only up to a TRL rating
of 5. Estimates for higher TRL advancements can only be provided when additional design
information (preliminary or final) pertaining to the NGNP and its components becomes
available. For some of the SSCs, more design information is required in order to develop
reliable cost estimates (notably PHTS Circulator, SHTS Mixing Chamber and Steam Generator).
Trade studies (or various trade studies) need to be done to verify and determine the specific
combinations of sub-components that will be used in the aforementioned SSCs. There is enough
time in the modified schedule to perform the trade studies before the advancement of the TRLs
and before possible testing in the CTF will be performed. Costing input relating to the HPS, as
noted in the Hydrogen Plant Alternatives Study (HPAS), has also been incorporated into this
document.

The bases for all estimates given are noted in Appendix A of this document.
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17.1 INTEGRATED TEST SCHEDULE

1711 Introduction

In this section, the integrated schedule for the Technology Development Road Maps
(TDRMs) addressing the WEC NGNP Critical SSCs is provided. This schedule, Figure 17-1, is
bounded by the CTF schedule [17-2] showing a CTF operational date of 2014 and the WEC Next
Generation Nuclear Plant (NGNP) Demonstration Plant schedule [17-1] showing a NGNP start
up date of 2021.

The schedule was prepared in Microsoft Project to get an overall impression of the
anticipated schedules for the Test Specifications provided in the Technology Development Road
Maps.

All of the Test Specifications and their original dates, as stated in Sections 3 to 16, are
indicated in the TDRM Schedule Section of the Integrated Test Schedule. This schedule was
then modified to accommodate the Small Scale Development Tests (SSDT), an assumed CTF
Initial Operational Date of March 2014 (when the first TDL can be assumed to be finished) and
the NGNP Initial Operational Date of FY 2021. The resulting modified schedule is given in
Figure 17-2.

The CTF schedule with the above mentioned modified Test Specification Schedule
incorporated can be seen in Figure 17-3.

The following Critical SSCs are included in the TDRM schedule:

« PHTS Circulator (including the SHTS Circulator and Valve)
« IHX A — Metallic and Ceramic

- IHXB

« HTS Piping

« SHTS Flow Mixing Chamber

« Hydrogen Production System

« Power Conversion system Steam Generator
« Fuel Elements

« Core Structure Ceramics

« Reserve Shutdown System

« Reactivity Control System

« Core Conditioning System

« Reactor Cavity Cooling System

17.1.2 Integrated Test Schedule with Original TDRM Schedule

The integrated Test Schedule given in Figure 17-1 includes the NGNP Schedule, the original
TDRM Schedules, as in Section 3 — Section 16 in the previous report sections, and the CTF High
Level Schedule.

NGNP-CTF MTECH-TDRM-017_Rev0.doc 10/27/2008
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NGNP-CTF MTECH-TDRM-017 NGNP Technology Development Road Mapping Section
17 : Integrated Schedule and Cost Estimate

17.1.3 Modified TDRM Schedule

The original integrated TDRM Schedule (Figure 17-1) made the assumption that all work
would start in October 2008 (FY2009). In the modified schedule, Figure 17-2, this was changed
to relieve the initial pressure on the schedule by moving some of the less critical SSCs to a later
starting date, but still within the constraints of the CTF- and NGNP start-up dates noted in the
assumptions that follow:

« Small Scale Development Test will start in (October 2011-TBC as part of Phase II).

o CTF Initial Operating Date is March 2014

o NGNP Initial Operation Date is October 2021

o The designs of modules and unit cells are finished and they are fabricated just prior to the
start of a test.

SSC specific comments contributing to the starting/end date modification can be seen in
Figure 17-2.

NGNP-CTF MTECH-TDRM-017_Rev0.doc 10/27/2008
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17.1.4 Modified CTF Schedule

Figure 17-3 shows the test specifications relevant to the CTF only and especially for the
950°C Reactor Outlet (ROT) Temperature related SSCs. These include Small Scale Development
Tests (SSDTs), Technology development Loops (TDLs), Component Qualification Loops and
the envisaged Circulator Test Loop (CTL).

The SSDTs are envisaged to incorporate separate and multiple effects tests which are
more sophisticated than normal university of laboratory testing. The TDLs are envisaged to be
loops with mass flows in the order of 3.6 kg/s at temperature of 950°C and pressures up to 9
MPa. The CQLs are earmarked for larger component testing and consists of a combination of
TDLs linked together to provide higher mass flows and more heating capacity.

For the case in which the NGNP ROT is lowered to 750°C, the test specifications that
will still be relevant can be seen in Figure 17-4.

This CTF test schedule is an input to the Test Loop(s) Preconceptual Design and will be
updated as the Test Loop(s) Preconceptual Design develops.
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17.1.5 Conclusion

Pending further schedule enhancements and optimization, the number of loops required
in the CTF is forecasted in Table 17.1. (This will be confirmed as part of the Test Loop(s)
Preconceptual Design)

Table 17-1: The number of loops required in the CTF

Number of: 950°C ROT 750°C ROT
Related SSCs Related SSCs
Technology Development Loops 5-6 2-3
Circulator Test Loops 1 1
CQL-1 1 1

For the 950°C ROT it is forecasted that five to six TDLs are required, This can be
optimized (and will be as part of the Test Loop(s) Preconceptual Design). For instance if the IHX
A (Ceramic) tests are conducted after the IHX A (Metallic) testing is completed), two TDLs will
fall away. As the methods and software used in the design matures some of the scheduled testing
could also be reduced as risks will be mitigated though code verification and validation.

For the 750°C ROT it is forecasted that two TDLs are required for testing of IHX B. It is
forecasted that a CTL will be required to test the circulator as well as some of the piping sections
and the mixing chamber.

The Component Qualification Loops (CQL-1) are envisaged for testing of larger
components that might be required as the NGNP design progresses and are configured using
TDLs.

The number of Small Scale Development Tests will be determined as part of the Test
Loop(s) Preconceptual Design.

At the completion of the CTF Preconceptual Design, where the optimum construction
and commissioning schedule for the CTF will be determined, the TDRM Schedules will be
updated accordingly.
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17.2 COST ESTIMATE

17.2.1 Introduction

Cost estimates are provided for certain critical Systems, Structures and Components
(SSCs) in this document. These SSCs entail inter alia the metallic IHX A, ceramic IHX A and
IHX B, as well as the HTS Piping systems. For the purpose of this document, estimates have
been provided only up to a TRL rating of 5, due to the high uncertainty that exists in estimating
the costs for higher TRL advancements. Estimates for higher TRL advancements can only be
provided when additional design information (preliminary or final) of the NGNP and
components are available. For some of the SSCs, more design information is required in order to
develop reliable cost estimates. These include the PHTS Circulator, SHTS Mixing Chamber and
Steam Generator. Trade studies need to be done to progress the designs and to verify and
determine the specific combinations of sub-components that will be used. There is enough time
as per the modified schedule to perform the trade study before the advancement of the TRL and
before possible testing in the CTF will be performed.

The Hydrogen production system cost estimate has been developed as part of the
Hydrogen Production Alternatives Study [17-3] and is presented in this document (see Tables
17-3 and 17-4). Estimates for the HPS shown in Table 17-3 (summary cost of original TDRMs)
only incorporate total estimates for (i) sulfuric acid decomposition and (ii) sulfur dioxide
electrolysis technologies, the respective technologies needed for the Hybrid Sulfur (HyS)
hydrogen production system. Although a reference design has not been down selected for the
HPS, the HyS process has been selected as the basis for the estimates shown.

Where cost information was not available, the WEC NGNP PCDR costs were used as the
basis, i.e., Fuel Elements, Core Structures Ceramics, etc [17-4].

The bulk of estimated costs provided are based on input received/readily available from
contributors/institutions conducting similar work in industry. Table 17-4 of this document
captures the estimates made for the identified SSCs as well as possible test locations/facilities
that were identified and are involved with similar testing programs. The compositions of the
estimates made for each test specification are captured in individual specification estimates in
Appendix A. The bases used in these sheets will be elaborated upon here after.

17.2.2 Assumptions and Bases of Cost Estimates

The following assumptions and bases are applicable to the estimates shown in Appendix
A.

17.1.2.1  Applicability to Schedule

The cost estimates stated in Table 17.4 are based on November 2008 dollar values. No
escalation for future years has been incorporated.
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17.1.2.2

For the purpose of this document, estimates have only been provided up to a TRL rating
of 5 due to the high uncertainty that exists in estimating the costs for higher TRL advancements.
Estimates for higher TRL advancements can only be provided when additional design
information (preliminary or final) is available and the initial technology development has
progressed to a more mature point.

TRL Advancements

17.1.2.3 Contingencies and Uncertainties

Contingencies for the proposed estimates given involve a 10 percent adjustment on
resource, testing, materials and other applicable costs stated. This is separate from the adjustment
factors applicable to the ceramic IHX A as well as IHX B. The adjustment factors applicable to
IHX B are based on IHX A and are shown in Table 17.2. These factors have been used as the
basis for the IHX B estimates due to time constraints. The adjustment factors for the ceramic
IHX A have been based on a factor of 2 due to various uncertainties that still exist in the estimate
process. These factors involve intricacies that exist relating to sample preparation, sample
machining as well as the ceramic material that still needs to be identified through relevant trade
studies.

Table 17-2: Cost Ratios for Metallic IHX A to IHX B

IHX A Test IHX B Test Comments IHX A to IHX
Specification Specification B Cost Ratio
617 Material 800H Material Adopt existing 800H >2
Specification and Specification and specification, procure 1
Procure Procure to 2 heats vs. 3 for 617
617 Joining Database for Braze | Equivalent work for both 1
Technology and & Diffusion Bond
Result Properties 800H
Thermal/Physical/ 800H High Temp Adopt existing SO0H >10
Mech. Prop of 617 Material Properties database
Effects of Thermal Effects of Thermal Adopt existing S00H >10
Ageing and Ageing and database
Environment on 617 Environment on
Properties 800H
Effects of Equivalent work for 617 1
. Environment and 800H
Covered in rows 2
and 4 above. Exposure on SOOH
Braze & Diff
Bonds
Effects of GS and Effe.cts of GS and | Equivalent work for 617 1
Section Thickness Section Thickness and 800H
on 617 Properties on 800.H
Properties
Corrosion Equivalent work for 617 1
Corrosion Allowance for and 800H but time and
Allowance for 617 800H cost may be reduced by
working in parallel
ASME Sect III CC Existing ASME No or minimal cost for >100
for 617 Section III Code IHX B
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4 IHX A Test IHX B Test Comments IHX A to IHX
Specification Specification B Cost Ratio
Case
Thermal/Fluid Probably a shared task 1
9 Thermal/Fluid Modeling Methods but with higher
Modeling Methods temperatures to be
considered for IHX A
Methods for Methods f(?r Probably a shgred task 1.25
10 Stress/Strain Stress/SFraln but with higher
Modeling Modeling temperatures to be
considered for IHX A
Structural Integrity | Probably a shared task 1.25
11 Structural Integrity Criteria but with higher
Criteria temperatures to be
considered for IHX A
Performance Probably a shared task 1
12 Performance Modeling Methods but with higher
Modeling Methods temperatures to be
considered for IHX A
13 Unit Cell Tests Unit Cell Tests Separateiincdoeszguivalent 1

At a ROT of 950°C, it is important to note that development of both IHX A (metallic or

ceramic) and IHX B will be required. At a ROT of 750°C, only the development of an IHX B
will be applicable.

to an accuracy level of Class 4 as noted in [17-5].

17.1.2.4

General

The confidence level of the cost estimates at present is +120%/-:60%, which corresponds

Other bases for the estimates relating to resources used, testing estimates as well as

materials are stated in Appendix A. Aspects lacking an estimate basis will only be updated when
additional plant design information is available (preliminary or final). Until this information is
readily available, only an allowance for certain identified tasks without a basis can be given.

NGNP-CTF MTECH-TDRM-017_Rev0.doc

10/27/2008

29 of 89



NGNP-CTF MTECH-TDRM-017 NGNP Technology Development Road Mapping Section
17 : Integrated Schedule and Cost Estimate

17.2.3 Summary Cost: Original TDRMs

Table 17.3 shows the sum of cost estimates distributed along a timeline starting in
FY2009 and ending in FY2021. The starts and durations of the tasks corresponds to those noted
in the original TDRMs. Comments and assumptions applicable to the values shown are given
below Table 17.3.
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NGNP-CTF MTECH-TDRM-017 NGNP Technology Development Road Mapping Section
17 : Integrated Schedule and Cost Estimate

17.2.4 Original TDRM Cost Estimate (Facilities Description and
Total Cost Included)

Table 17.4 shows the original TDRM cost estimate for each test specification with
associated details regarding possible facilities that have the capabilities of conducting the
relevant testing. Costing assumptions have also been listed at the end of the table. Detailed bases
for each of the individual test specifications estimates are given in Specification cost estimate
sheets shown in Appendix A.

Due to the large number of possible facilities that can conduct similar work to that stated
in the test specifications (notably materials qualification actions), only the facility capability is
noted in Table 17.4 and not the facility availability. Facilities have been identified in the
following areas:

1. Laboratories — These facilities are most common and widely available. Work associated
with these facilities involves aspects relating to material qualification actions.

2. Small Scale Testing — Specialized testing on scaled units is required here and can in
general be conducted by the relevant supplier or in a small scale development test loop

(CTF capability)
3. CTF Testing — Testing of partial or full scaled units at relevant temperatures and
pressures.
NGNP-CTF MTECH-TDRM-017_Rev0.doc 10/27/2008
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NGNP-CTF MTECH-TDRM-017 NGNP Technology Development Road Mapping Section
17 : Integrated Schedule and Cost Estimate

17.1.6 Conclusion — Cost Estimates

Cost estimates have been provided for certain critical SSCs (notably IHX A (metallic as
well as ceramic), IHX B and HTS Piping). Estimates have only been provided up to a TRL
rating of 5. Estimates for higher TRL advancements can only be provided when additional
design information (preliminary or final) of the NGNP and components are available.

For some of the SSCs, more design information is required in order to develop reliable
cost estimates (notably PHTS Circulator, SHTS Mixing Chamber and Steam Generator). Trade
studies (or various trade studies) need to be done to verify and determine the specific
combinations of sub-components that will be used in the aforementioned SSC’s. There is
enough time in the modified schedule to perform the trade studies before the advancement of the
TRLs and before possible testing in the CTF will be performed. Costing input relating to the
HPS as noted in the Hydrogen Plant Alternatives Study (HPAS) has also been incorporated into
this document.

The bases for the estimates given (with the exception of the HPS) have also been noted in
Appendix A of this document.
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17 : Integrated Schedule and Cost Estimate

17.2.5 Appendix A: Detailed Cost Estimation Sheets
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NGNP-CTF MTECH-TDRM-017  NGNP Technology Development Road Mapping Report Section 17: Integrated Schedule and Cost Estimate

Basis motivations for cost estimations
1) General

|- Guidelines for minimum required number of samples shown in 'sample' sheet

|
2) Bases for estimations

- Discussions with institutions/available information from institutions conducting similar work (notably ORNL and CSIR) serves partly as basis for these estimations
- Information stipulated in technology maturation plans with an element of engineering judgment also serve as part basis for cost estimations.
- Basis of cost estimation of test equipment costs noted is based on available information for similar work conducted at ORNL
- 10 percent contingency has been built into estimates of individual test specifications
- Material costs have been based on the following:
a) Alloy 617 - $40/kg, as well as typical sample size needed for relevant testing
b) Alloy 800H - $35/kg, as well as typical sample size needed for relevant testing

c¢) Ceramic - $40/kg (please note that this is subject to change since the down selection still has to be done)
- Other additional bases for testing requirements that are needed are stated in estimate sheets
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NGNP-CTF MTECH-TDRM-017 NGNP Technology Development Road Mapping Report Section 17: Integrated Schedule and Cost Estimate

Additional notes on preferred number of testing samples - Alloy 617 / Alloy 800H

1) General
- Samples representative of the three heats to be tested for all thermal, physical and mechanical tests

2) Elastic properties
- At least 2 samples for each heat should be tested assuming the vibrational methods permit testing of a single specimen at multiple temperatures

3) Tensile properties
- As a minimum, testing should be conducted on 15 samples (5 temperatures for each heat)
- Noted testing does not include any duplicates

4) Fatigue tests
- As a minimum, LCF testing should be conducted on 45 samples [3 heats x 5 temperatures x 3 strain ranges]
- As a minimum, HCF testing should be conducted on 45 samples [3 heats x 5 temperatures x 3 cycle rates]

5) Creep strength
- As a minimum, testing should be conducted on 48 samples [3 heats x 4 temperatures x 4 stress levels]

6) Fracture Toughness
- As a minimum, testing for fracture toughness [CTOD] should be conducted on 9 samples [3 heats x 3 temperatures]
- As a minimum, testing for fracture toughness [Kc] should be conducted on 9 samples [3 heats x 3 temperatures]

7) Thermal conductivity
- As a minimum, testing should be conducted on 6 samples, 2 for each heat, as the complete temperature range can be covered with a single specimen

8) Coefficient of thermal expansion
- As a minimum, testing should be conducted on 6 samples, 2 for each heat, as the complete temperature range can be covered with a single specimen

9) Stress rupture
- As a minimum, stress rupture testing should be conducted on 48 samples [3 heats x 4 temperatures x 4 stress levels]
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17.2.6 Appendix B: References
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[17-1] “NGNP and Hydrogen Production Pre-conceptual Design Report - SECTION 18: NGNP
PROJECT SCHEDULE “,NGNP-18-RPT-001, Rev 0, May 2007

[17-2] CTF Schedule per e-mail from BEA

[17-3] HPS.000.S01 (WBS Element Code Level) - Hydrogen Plant Alternatives Study

[17-4] NGNP-16-RPT-001 — NGNP and Hydrogen Production Pre-conceptual Design Report —
Technology Development

[17-5] AACE International Recommended Practice No. 17R-97 TCM Framework; 7.3-Cost
Estimating and Budgeting (as supplied by BEA)
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